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(57) ABSTRACT 
An operational amplifier comprises an initial amplifier 
stage having a pair of inputs, and a second amplifier 
stage connected to an output of the initial stage. A phase 
compensating capacitive element is connected between 
an output terminal of the second stage and a virtual 
ground point, and a constant current source is con 
nected to the virtual ground point and the output of the 
initial stage. A resistive element and a capacitive ele 
ment are series-connected between the output of the 
initial stage and the output of the second stage. 

22 Claims, 10 Drawing Figures 
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OPERATIONAL AMPLIFER 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to operational amplifi 

ers, and more specifically to operational amplifiers hav 
ing a phase compensating circuit. 

2. Description of Related Art 
At present, operational amplifiers are widely used in 

various fields, particularly as one important element in 
analog circuits. Ordinarily, the operational amplifier 
fundamentally comprises two amplifier stages, i.e., an 
initial amplifier stage having an inverted input and a 
non-inverted input, and an output amplifier stage hav 
ing an input connected to an output of the initial stage. 
This output stage ordinarily includes a capacitive feed 
back circuit between the output and the input of the 
output stage. However, in the case that the feedback 
path is established by only a simple capacitive electrical 
part, the gain of the operational amplifier does not suffi 
ciently drop at a higher frequency region. This will 
often give rise to a problem of null or zero points, which 
lead to a cause for oscillation of the operational ampli 
fier. 

In order to avoid such an adverse effect of the zero 
points, various types of zero point compensating cir 
cuits have heretofore been proposed. However, almost 
the conventional zero point compensating circuits will 
make worse the supply voltage rejection ratio (abbrevi 
ated "SVRR' hereinafter) of the operational amplifier. 
Among such conventional amplifiers having the zero 

point compensating circuits, one amplifier has suc 
ceeded not only in enabling the zero-point compensa 
tion but also in improving the SVRR, by forming the 
feedback circuit by series-connected capacitor and ac 
tive load. In this amplifier, however, the active load is 
required to have a large transconductance, which will 
result in increase of power comsuption or increase in 
the element dimensions necessary for the active load, 
leading to increase in the integrated circuit chip size. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide an operational amplifier which is free from 
the above mentioned drawbacks in the conventional 
aamplifiers. 
Another object of the present invention is to provide 

an operational amplifier associated with a phase com 
pensating circuit having an excellent zero point com 
pensating characteristics and an improved supply volt 
age rejection ratio. 

Still another object of the present invention is to 
provide such an operational amplifier having a small 
power comsuption and a small required chip area. 
The above and other objects of the present invention 

are achieved by an operational amplifier which com 
prises an initial amplifying stage having a pair of inputs, 
a second amplifying stage connected to an output of the 
initial stage, a phase compensating feedback capacitive 
element connected between an output terminal of the 
second amplifying stage and a virtual ground point, and 
a constant current source connected to the virtual 
ground point and the output of the initial stage. In ac 
cordance with the present invention, a resistive element 
and a second capacitive element are series-connected 
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between the output of the initial stage and the output of 
the second stage. 
The above and other objects, features and advantages 

of the present invention will be apparent from the fol 
lowing description of preferred embodiments of the 
invention with reference to the accompanying draw 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram showing one conventional 
operational amplifier; 

FIG. 2 is a graph showing the relation between the 
gain and frequency in the conventional operational 
amplifier shown in FIG. 1; 
FIG. 3 is a view similar to FIG. 1 but showing an 

other conventional operational amplifier; 
FIG. 4 is a view similar to FIG. 1 but showing still 

another conventional amplifier; 
FIGS. 5 and 6 are equivalent circuit diagrams of the 

amplifier shown in FIG. 4; 
FIG. 7 is a fundamental circuit diagram illustrating 

the principle of the operational amplifier in accordance 
with the present invention; 
FIGS. 8 and 9 are a small-signal equivalent circuit 

diagrams of the amplifier shown in FIG. 7; and 
FIG. 10 is a circuit diagram showing one embodi 

ment of the operational amplifier in accordance with 
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the present invention. 
DESCRIPTION OF THE PREFERRED 

EMBODEMENTS 

Referring to FIG. 1, there is shown a circuit diagram 
of a typical operational amplifier, which includes an 
initial stage constituted of a pair of input field effect 
transistors (abbreviated "FET" hereinafter) M1 and M2 
connected to form a differential circuit. Therefore, a 
gate of the FET M1 provides one input, for example, an 
inverted input of the operational amplifier, and a gate of 
the other FET M2 functions the other input, for exam 
ple, a non-inverted input of the amplifier. The pair of 
input FETs M1 and M2 have their drains respectively 
connected to a negative supply voltage through another 
pair of FETs M3 and M4 arranged to form an active load 
in the type of a current mirror circuit. Therefore, the 
FET M2 forms a drain follower. Sources of the FETs 
M1 an M2 are common-connected to a drain of an FET 
M5 whose source is connected to a positive supply volt 
age. 
The drain of the FET M2 is connected to a gate of an 

output FET M6 which constitutes a second or output 
stage of the operational amplifier. This FET M6 is con 
nected at its source to the negative supply voltage and 
at its drain to the positive supply voltage through an 
FET M7. In addition, the drain of the FET M6 is con 
nected through a phase compensating feedback capaci 
tor C to the gate of the FET M6 itself, and forms an 
output of the operational amplifier. 
Gates of the FETs Ms and M7 are connected to a gate 

and a drain of an FET M8 so as to form a current mirror 
circuit. The drain of the FET M8 is connected to a 
constant current source I, so that the current flowing 
through the FET M8 is defined by the constant current 
source I, and further, the respective currents flowing 
through the FETs Ms and M7 are controlled by the 
FET Ms. 
Reviewing the above mentioned operational ampli 

fier, it has the frequency characteristics as shown in 
FIG. 2. Namely, the gain does not drop at a high fre 



4,661,779 
3 

quency, and therefore, an adverse effect of zero points 
often becomes a problem. For example, one adverse 
effect of zero points is to cause an oscillation of the 
operational amplifier. 
Under the circumstances, there have been proposed 

various compensating circuits capable of eliminating the 
adverse effects of the zero point. However, almost the 
conventional zero point compensating circuits have 
rather adversely increased the SVRR. 
One typical example of such conventional zero point 

compensating circuits will be now explained with refer 
ence to FIG. 3, showing a circuit diagram of a typical 
operational amplifier provided with such a zero point 
compensating means. In FIG. 3, circuit elements similar 
to those shown in FIG. 1 are given the same Reference 
Signs, and explanation will be omitted. 
As seen from comparison between FIGS. 1 and 3, the 

operational amplifier shown in FIG. 3 comprises an 
FET Mo connected between the gate of the output FET 
M6 and the phase compensating feedback capacitor Co. 
The FET M9 has a gate connected to the positive sup 
ply voltage, so that the capacitor Cc and the conductive 
resistance of the FET M9 are series-connected to form a 
feedback loop which constitutes a zero point compen 
sating circuit. 
However, as mentioned above, since the gate of the 

FET M9 is connected to the positive supply voltage, 
flactuation in the positive supply voltage will directly 

... lead to variation in the gate-source voltage of the output 
FET M6, which results in change of the output voltage. 
Namely, the SVRR is adversely increased. 
Thus, in order to enable the zero point compensation 

and at the same time to improve the SVRR, one opera 
tional amplifier has been disclosed by B. K. Ahuja, "An 
Improved Frequency Compensation Technique for 
CMOS Operational Amplifiers' IEEE J. Solid-Stage 
Circuits, 1983 vol. sc-18, No. 6, pp 629-633. FIG. 4 
shows a circuit diagram of the operational amplifier. 

This operational amplifier comprises includes an ini 
tial stage constituted of a pair of input FETs M11 and 
M12 connected in the form of a differential circuit. A 
gate of the FET M11 is connected to one input, for 
example, a non-inverted input of the operational ampli 
fier, and a gate of the other FET M12 is connected to the 
other input, for example, an inverted input of the ampli 
fier. The pair of input FETs M11 and M12 have their 
drains respectively connected through FETs M15. and 
M16 to another pair of FETs M13 and M4 arranged to 
form an active load in the type of a current mirror 
circuit. Sources of the FETs M11 and M12 are common 
connected to a drain of an FET M17 whose source is 
connected to a positive supply voltage. Thus, the FET 
M12 forms a drain follower, and the connection between 
the FETs M14 and M16 is connected to a gate of an 
output FET M18 which constitutes a second or output 
stage of the operational amplifier. 
This FET M18 is connected at its source to a negative 

supply voltage and at its drain to the positive supply 
voltage through an FET M19 which functions as an 
active load. In addition, the drain of the FET M18 is 
connected to an output of the operational amplifier, and 
also connected through a phase compensation feedback 
capacitor C to a source of a gate-grounded FET M20. 
This FET M.20 is connected at its drain to the gate of the 
FET M18 and a drain of an FET M.21 whose source is 
connected to the negative supply voltage. Further, the 
source of the FET M.20 is connected through an FET 
M22 to the positive supply voltage. 
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4 
A constant current source I and an FET M23 are 

connected in series across the supply voltages. The 
FET M23 has a gate thereof connected to the drain of 
FET M23 itself and also connected to gates of an FET 
M24, the FET M17 and the FET M22, so that the FET 
M23 constitutes an input path of a current mirror circuit 
and the FETs M24, M17 and M22 form different output 
paths of the current mirror circuit, respectively. Fur 
ther, the gate of the FET M23 is connected to a gate of 
the FET M19 through an FET M25 having a gate con 
nected to the negative supply voltage. In addition, the 
FET M24 has a drain thereof connected through a gate 
grounded FET M26 to a gate and a drain of an FET 
M27, whose source is connected to the negative supply 
voltage. This FET M27 has its gate connected to gates 
of an FET M28 and the FET M2 so as to form a current 
mirror circuit having two output paths. The FET M28 is 
connected at its drain to a source of a drain-grounded 
FET M29 whose gate is connected to the gates of the 
FETs M15 and M16. - 
As seen from the above explanation, a zero point 

compensation circuit is formed by a closed loop starting 
from the drain of the FET M18 and extending through 
the capacitor Ce and the drain-source path of the gate 
grounded FET M.20 to the gate of the FET M18. 

In the B. K. Ahiya paper, a small-signal equivalent 
circuit shown in FIG. 5 was introduced from the opera 
tional amplifier shown in FIG. 4. In the equivalent 
circuit of FIG. 5, gn and gm2 represent the transcon 
ductances of the initial stage FET and the second stage 
FET, respectively. R and C designate output resis 
tance and capacitance of the initial stage, and R2 and C2 
show output resistance and capacitance of the second 
stage. Vi and Vo are input and output voltages, respec 
tively. In addition, since one electrode "a' of the phase 
compensating capacitor Ceis connected to the source of 
the gate-grounded FET M.20 in the operational amplifier 
shown in FIG. 4, the electrode terminal 'a' becomes a 
virtual ground point. Further, all the current flowing 
through the phase compensating capacitor C is flowed 
into the output terminal of the initial stage. 
Thus, the current flowing from the output terminal of 

the initial stage through the phase compensating capaci 
tor C to the output terminal of the second stage is can 
celed by the above current, so that the generation of a 
zero-point is prevented. Further, since the output termi 
nal of the second stage is connected through the phase 
compensating capacitor to a low impedance point such 
as one terminal of the FET M20, an excellent SVRR can 
be obtained. 

In the circuit analysis as mentioned above, such an 
ideal case is assumed that the source of the gate 
grounded FET M.20 is virtually grounded. In fact, how 
ever, the voltage at the source of the FET M20 will 
fluctuate dependently upon variation in voltage at the 
output terminal of the second stage. The reason for this 
is that the source of the FET M.20 is actually connected 
to the ground point through a resistive component rno 
which is an inverted value of the transconductance gno 
of the FET M20. Therefore, the small-signal equivalent 
circuit of the FIG. 4 operational amplifier should be 
corrected as shown in FIG. 6. 

In the equivalent circuit shown in FIG. 6, the closed 
loop gain Vo/Vi to frequency S can be expressed as 
follows: 
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-- 
-- = 

-A A2 (1 + SrmoC) 
1 + bS + cS + dS 

(1) 

where 
Vi is an input voltage 
Vo is an output voltage 

As seen from the above equation (1), the operational 
amplifier of FIG. 4 has one zero point Z at the fre 
quency Sz=-gm0/C. Therefore, in order to avoid the 
adverse effect of this zero point, it is necessary to in 
crease the transconductance gno of the FET M20. For 
this purpose, either the current flowing through the 
FET M20 has to be increased, or the dimension of the 
FET M.20 must be considerably enlarged. However, 
these methods will cause another problem such as in 
crease of consumed power or chip size. In a typical 
example, the necessary transconductance was 1 mS. For 
obtaining such a transconductance, the current of 1.5 
mA must flow through the FET M20, or the FET M20 
has to have the channel width to length ratio W/L of 
about 200. 
Turning to FIG. 7, there is shown a basic circuit 

diagram of the operational amplifier in accordance with 
the present invention. The shown operational amplifier 
comprises a two-input initial amplifier 1 having the 
transconductance gmi, whose output is connected to a 
second or output amplifier 2 having the transconduct 
ance gm2. Further, a capacitor C and a resistor R are 
series-connected between the outputs of the initial and 
second amplifiers 1 and 2, in addition to a feedback path 
consisting of a phase compensating capacitor Co., a vir 
tual ground point 'a' and a feedback current source 
supplying a current of C(dVo/dt). 
A small-signal equivalent circuit of the operational 

amplifier shown in FIG. 7 can be expressed as shown in 
FIG. 8, in which gn and gn2 represent the transcon 
ductances of the initial stage FET and the second stage 
FET, respectively; R1 and C1 designate output resis 
tance and capacitance of the initial stage; R2 and Rc 
show output resistance and capacitance of the second 
stage; rno is a resistive component between the virtual 
ground point “a” and the phase compensating capacitor 
Cc; and Vi and Vo and input and output voltages, respec 
tively. 
On the basis of the equivalent circuit of FIG. 8, the 

closed loop gain of the operational amplifier shown in 
FIG. 7 can be expressed: 
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(2) 
C gnign2R1R2 ( -- s(i. --- Rc)) (1 + SrmoC) Vo 3m2 

v, - 1 + bS + cS2 + dS + eS 60 

where 
S is a frequency, 

6 

As is apparent from the above equation (2), the opera 
tional amplifier of FIG.7 has two zero points Z1 and Z2 
at frequencies S1 and S22, respectively, which are ex 
pressed as follows: 

(3) - 1 
C - -SH - RC Sz ( 8m2 ) 

S.2 = - 1 3m0 (4) 
z2 = rm0Cr T Cc 

In addition, first and second poles P1 and P2 appear at 
frequencies Sp1 and S2, respectively, which are also 
expressed: 

- -as-a- (5) 
R2 (1 + gn2R)(C + C) Sp1 = 

-gn2 (C + C) (6) Sp2 = 
CC -- (C -- C2)C -- Rcc ( , -- m) 

Examining the equations (3) to (6), if the resistor R 
and the transconductancegno are set at suitable values, 
even if any circuit constants are given for a desired 
characteristics, the zero point Z1 can be shifted to an 
infinite frequency and also the frequency S2 of the 
second zero point Z2 can be shifted to be consistent with 
the frequency S2 of the second pole P2. If such a shift 
of the zero points is possible, the adverse effect of the 
zero points can be perfectly eliminated without increase 
in consumed power or chip size. 

For example, assuming gn2 = 5 uS, C1 =0.5 pf, 
C2 = 1.0 pF, C=3 pF, C=20 pF, R1 = 10M (), 
R2=5MS), gno=30 uS, and R=200K), there are ob 
tained S1= oo Hz, S2= 1.5 MKz and S2= 1.5 MHz. In 
addition, the closed loop gain Vo/Vican be expressed: 

V 
- - - 

A1A2 
(S - Pl) (S -- P3) (S - P4) 

(7) 

Incidentally, the frequency Sp1 of the first pole P is 
170 Hz, and third and fourth poles P3 and P4 are posi 
tioned at such a very high frequencies that cannot have 
a substantial influence to the operational amplifier. 

Next, the SVRR will be reviewed. In this case, even 
if the resistive component rino between the virtual 
ground point “a” and the phase compensating capacitor 
Cisneglected, the generality of the equivalent circuit is 
not lost. Therefore, examination will be made on the 
basis of another equivalent circuit shown in FIG. 9, in 
which the same elements as those shown in FIG. 8 are 
given the same Reference signs. 
Under this condition, the ratio of a variation AVo in 

the output voltage Vo of the second amplifier 2 to a 
negative supply voltage variation AVBB can be ex 
pressed as follows: 
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A Vo (1 - gmR) + b'S + C S + d'S (8) 
A VBB 1 + bS + cS + dS 

where 

d's RR2RCCC 

Therefore, the SVRR can be expressed: 

SVRR - A 1 (9) 
A Van K. -- - - 

1 t = 1 - (1 - gazR:) b's + cS+ d"S) 

Furthermore, it can be said from the equation (9) that 
the SVRR has a substantially flat characteristics within 
a range from 0 Hz to a frequency f(Hz) which can be 
expressed: 

-- (10) 
R1C - RC f = 

Therefore, if the above-mentioned circuit constants 
are given, the frequency f becomes 180 KHz. Namely, 
the SVRR is improved by three figures in respect to the 
first pole frequency Sp1 of 170 Hz. 

The above analysis is directed to the SVRR against to 
the negative power supply voltage, but a similar result 
can be also obtained in respect to the SVRR against the 
positive supply voltage. 

Referring to FIG. 10, there is shown a circuit dia 
gram of an operational amplifier embodying the afore 
mentioned principle in accordance with the present 
invention. 
The shown operational amplifier includes an initial 

stage constituted of a pair of input n-channel FETs M31 
and M32 connected in the form of a differential circuit. 
A gate of the FET M3 forms one input, for example, a 
non-inverted input of the operational amplifier, and a 
gate of the other FET M32 constitutes the other input, 
for example, an inverted input of the amplifier. The pair 
of input FETs M31 and M32 have their drains connected 
to, a positive supply voltage through n-channel FETs 
M33 and M34 and p-channel FETs M35 and M36, respec 
tively. The FETs M33 and M3a constitute constant cur 
rent source, as will be explained hereinafter. The FET 
M35 and M36 are connected to form an active load in the 
type of a current mirror circuit. Sources of the FETs 
M31 and M32 are common-connected to a drain of an 
n-channel FET M37, which is connected at its source to 
a negative supply voltage so as to function as a constant 
Current Source. 
The connection between the FETs M34 and M36 is 

connected to a gate of an output p-channel FET M38 
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8 
which constitutes a second or output stage of the opera 
tional amplifier. This FET M38 is connected at its 
source to the positive supply voltage and at its drain to 
the negative supply voltage through an n-channel FET 
M39 which functions as an active load in the form of a 
constant current source explained hereinafter. In addi 
tion, the drain of the FET M38 is connected to an output 
of the operational amplifier, and also connected 
through a phase compensation feedback capacitor Ce to 
the drain of the input FET M32. 

Further, the drain of the FET M38 is connected 
through another capacitor C and a p-channel FET M40 
to the gate of the FET M38 itself. A gate of the FET 
M40 is connected to a gate and a drain of a p-channel 
FET M41. A source of the FET M4 is connected to a 
drain and a gate of a p-channel FET M42 whose source 
is connected to the positive voltage source. The drain of 
the FET M41 is connected to the negative voltage 
source through an n-channel FET M43. Thus, as seen 
from the above, since the FET M41 and M42 function as 
resistors, respectively, and since the FET M43 consti 
tutes a constant current source as will be explained 
hereinafter, the FET M41, M42 and M43 form a bias 
circuit determining the gate voltage of the FET M40. 
Therefore, the FET M40 operates as a resistive element. 
A constant current source I and an n-channel FET 

M44 are connected in series across the supply voltages. 
The FET M44 has a gate thereof connected to the drain 
of FET M44 itself and also connected to gates of n-chan 
nel FETs M45 and M46 and the FETs M37, M43 and M39, 
so that the FET M40 constitutes an input path of a cur 
rent mirror circuit and the FETs M45, M46M37, M43 and 
M39 form different output paths of the current mirror 
circuit, respectively, which function constant current 
SOCCS. 

In addition, the FET M45 has a drain thereof con 
nected to a gate and a drain of a p-channel FET M47, 
whose source is connected to the positive supply volt 
age. This FET M47 has its gate connected to a gate of 
another p-channel FET M48 so as to form a current 
mirror circuit. The FET M48 is connected at its drain to 
the drain of the FET M46 through two series-connected 
n-channel FETs M49 and M50. These FETs are short 
circuited between their gate and drain so as to function 
as a resistive element. The gate of the FET M49 is con 
nected to the gates of the FETs M33 and M34. Thus, the 
FETs M45, M46, M47, M48, M49 and M50 form a bias 
circuit providing a constant gate voltage to the FETs 
M33 and M34. Therefore, the FETs M33 and M34 func 
tion as constant current sources. 

In the operational amplifier as mentioned above, the 
virtual ground point "a" is provided at the connection 
between the FETs M32 and M34. The sources of the two 
FETs M33 and M34 are connected to the virtual ground 
point "a' through the resistive components 1/gm.0 of the 
FETs M33 and M34 having the transconductance gn0. 
However, the adverse effect of the zero point caused by 
the resistive component 1/gmo of the FETs M33 and 
M34 is canceled by the second pole made shiftable by 
the FET M40. 

Since this FET M40 is connected in series to the ca 
pacitor C, no current will flow through the FET M40. 
In this connection, the gate bias circuit is provided for 
the FET M40, but the comsumed current in the bias 
circuit is on the order of several ten microamperes. In 
addition, it is sufficient if the FETs M33 and M34 gener 
ating the zero point which should be canceled by the 
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second pole produced by the FET M40, has the channel 
width to length ratio W/L of at least about 10. This 
means that the current flowing through these FETs is 
on the order of several ten microamperes. 
As seen from the above description, in the present 

invention, a resistive element and a capacitive element 
are series-connected between the outputs of the initial 
and second stages. With this circuit arrangement, the 
operational amplifier can have an excellent SVRR and 
phase compensation characteristics with only a small 
consumed power and required element size. 
The invention has thus been shown and described 

with reference to specific embodiments. However, it 
should be noted that the invention is in no way limited 
to the details of the illustrated structures but changes 
and modifications may be made within the scope of the 
appended claims. 

I claim: 
1. An operational amplifier which comprises an initial 

amplifier stage having a pair of inputs, a second ampli 
fier stage connected to an output of the initial stage, a 
phase compensating capacitive element connected be 
tween an output terminal of the second stage and a 
virtual ground point, and a constant current source 

10 

15 

20 

connected to the virtual ground point and the output of 25 
the initial stage, wherein the improvement comprises a 
resistive element and a second capacitive element series 
connected between the output of the initial stage and 
the output of the second stage. 

2. An operational amplifier as claimed in claim 1 
wherein the resistive element is a field effect transistor 
and the capacitive element is a capacitor. 

3. An operational amplifier as claimed in claim 1 
wherein the initial amplifying stage includes first and 

30 

second field effect transistors connected in the form of 35 
a differential circuit, the gates of the field effect transis 
tors forming the pair of inputs, the field effect transis 
tors having their sources common-connected to a first 
constant current source circuit which is connected to 
negative supply voltage, and the field effect transistors 
having their drains respectively connected through a 
pair of second constant current source circuits and a 
pair of first active loads to a positive supply voltage, the 
connection between one of the second constant current 
source circuits and the first active load connected in 
series thereto being connected to the input of the second 
amplifier stage, the one second constant current source 
circuit constituting the above mentioned constant cur 
rent source. 

4. An operational amplifier as claimed in claim 3, 
wherein the phase compensating capacitive element is a 
capacitor connected between the output of the second 
amplifier stage and the one end of the above mentioned 
one second constant source circuit which is connected 
at its opposite end to the input of the second amplifier 
stage. 

5. An operational amplifier as claimed in claim 4 
wherein the second amplifier stage includes a third field 
effect transistor having its gate connected to the con 
nection between the above mentioned one second con 
stant current source and the first active load connected 
in series thereto, the third field effect transistor being 
connected at its source to the positive supply voltage 
and at its drain through a third constant current source 
to the negative supply voltage, the resistive element and 
the second capacitive element being connected in series 
between the gate and the source of the third field tran 
sistor. 
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10 
6. An operational amplifier as claimed in claim 5 

wherein the resistive element is a fourth field effect 
transistor having a drain-source path connected in series 
to the second capacitive element, the gate of the fourth 
field effect transistor being connected to a first gate bias 
circuit. 

7. An operational amplifier as claimed in claim 6 
wherein the first gate bias circuit includes two resistors 
and a fourth constant current source circuit which are 
connected in series between the positive and negative 
supply voltages, the connection between the fourth 
constant current source circuit and one of the two resis 
tors being connected to the gate of the fourth field 
effect transistor. 

8. An operational amplifier as claimed in claim 7 
wherein each of the two resistors is a field effect transis 
tor having gate and drain common-connected to func 
tion as a resistor. 

9. An operational amplifier as claimed in claim 7 
wherein each of the second constant current source 
circuits is formed of a fifth field effect transistor having 
a drain-source path connected between the correspond 
ing one of the first and second field effect transistors and 
the associated first active load, the pair of the fifth field 
effect transistors having their gates common-connected 
to a second gate bias circuit. 

10. An operational amplifier as claimed in claim 9 
wherein the second gate bias circuit includes a fifth 
constant current source circuit, two resistors and a sixth 
constant current source circuit which are connected in 
series in the named order between the positive and 
negative supply voltages, the connection between the 
fifth constant current source circuit and one of the two 
resistors being connected to the gates of the fifth field 
effect transistors. 

11. An operational amplifier as claimed in claim 10 
wherein each of the two resistors in the second gate bias 
circuit is a field effect transistor having gate and drain 
common-connected to function as a resistor. 

12. An operational amplifier as claimed in claim 10 
further including a main constant current source and a 
sixth field effect transistor connected in series between 
the positive and negative supply voltages, the sixth field 
effect transistor having common-connected gate and 
drain, and wherein each of the first, third, fourth and 
sixth constant current source circuits are a field effect 
transistor having a gate connected to the gate of the 
sixth field effect transistor. 

13. An operational amplifier as claimed in claim 12 
further including seventh and eighth field effect transis 
tors connected in series between the positive and nega 
tive supply voltages, the seventh field effect transistor 
having a gate connected to the gate of the sixth field 
effect transistor, and wherein the fifth constant current 
source is a ninth field effect transistor having a gate 
connected to the gate and drain of the eighth field effect 
transistors so that the eighth and ninth field effect tran 
sistors form a current mirror circuit. 

14. An operational amplifier comprising: 
first and second field effect transistors connected in 

the form of a differential circuit and having gates 
thereof forming a pair of inputs, the field effect 
transistors having their sources common-con 
nected to a first constant current source which is 
connected to a negative supply voltage, and the 
field effect transistors having their drains respec 
tively connected through a pair of second constant 
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current sources and a pair of first active loads to a 
positive supply voltage; 

a third field effect transistor having its gate connected 
to the connection between one of the second con 
stant current sources and the first active load con 
nected in series thereto, the third field effect tran 
sistor being connected at its source to the positive 
supply voltage and at its drain through a third 
constant current source to the negative supply 
voltage; 

a phase compensating capacitor connected between 
the drain of the third field effect transistor and the 
one end of the above mentioned one second con 
stant current source which is connected at its oppo 
site end to the gate of the third field effect transis 
tor; and 

a resistor and a second capacitor connected in series 
between the gate and the drain of the third field 
transistor. 

15. An operational amplifier as claimed in claim 14 
wherein the resistor is formed of a fourth field effect 
transistor having a drain-source path connected in series 
to the second capacitor, the gate of the fourth field 
effect transistor being connected to a first gate bias 
circuit. 

16. An operational amplifier as claimed in claim 15 
wherein the first gate bias circuit includes two resistors 
and a fourth constant current source which are con 
nected in series between the positive and negative sup 
ply voltages, the connection between the fourth con 
stant current source and one of the two resistors being 
connected to the gate of the fourth field effect transis 
tor. 

17. An operational amplifier as claimed in claim 16 
wherein each of the two resistors is a field effect transis 
tor having gate and drain common-connected to func 
tion as a resistor. 

18. An operational amplifier as claimed in claim 16 
wherein each of the second constant current sources is 
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12 
formed of a fifth field effect transistor having a drain 
source path connected between the corresponding one 
of the first and second field effect transistors and the 
associated first active load, the pair of the fifth field 
effect transistors having their gates common-connected 
to a second gate bias circuit. 

19. An operational amplifier as claimed in claim 18 
wherein the second gate bias circuit includes a fifth 
constant current source, two resistors and a sixth con 
stant current source which are connected in series in the 
named order between the positive and negative supply 
voltages, the connection between the fifth constant 
current source and one of the two resistors being con 
nected to the gates of the fifth field effect transistors. 

20. An operational amplifier as claimed in claim 19 
wherein each of the two resistors in the second gate bias 
circuit is a field effect transistor having gate and drain 
common-connected to function as a resistor. 

21. An operational amplifier as claimed in claim 19 
further including a main constant current source and a 
sixth field effect transistor connected in series between 
the positive and negative supply voltages, the sixth field 
effect transistor having common-connected gate and 
drain, and wherein each of the first, third, fourth and 
sixth constant current sources are a field effect transis 
tor having a gate connected to the gate of the sixth field 
effect transistor. 

22. An operational amplifier as claimed in claim 21 
further including seventh and eighth field effect transis 
tors connected in series between the positive and nega 
tive supply voltages, the seventh field effect transistor 
having a gate connected to the gate of the sixth field 
effect transistor, and wherein the fifth constant current 
source is a ninth field effect transistor having a gate 
connected to the gate and drain of the eighth field effect 
transistor so that the eighth and ninth field effect transis 
tors form a current mirror circuit. 
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